Abstract: The concentrations of the six major sialyl oligosaccharides found in the milk of 24 Japanese women were determined using reverse phase high performance liquid chromatography of the 3-methyl-1-phenyl-5-pyrazolone derivatives of the oligosaccharides. The milk was collected at 4, 10, 30 and 100 days postpartum. The concentrations of all six oligosaccharides decreased during the course of lactation. The concentrations of 6'-sialyllactose, sialyllacto-N-tetraose b and disialyllacto-N-tetraose decreased only after 10 days postpartum, whereas those of sialyllacto-N-tetraose a and sialyllacto-N-neotetraose c as well as 3'-sialyllactose decreased from 4 days postpartum. Large differences were observed between present data and those previously reported for Italian women, both in terms of the content and in the variation pattern of each oligosaccharide during the course of lactation. These differences may be caused by the different ethnicity of the donors as well as the assay methods used in the studies. formed through the actions of various sialyltransferases.4) The sialyl oligosaccharides are generally believed to be of biological significance for human infants.7) Breast-fed infants appear to have fewer or less severe gastrointestinal and respiratory infections during the first year of life than formula-fed infants.8 It is thought that the sialyl saccha rides act as growth factors for beneficial intestinal bacteria such as Bifidobacterium.9) The reduction in pH of the in fant colon resulting from lactose fermentation by Bifido bacterium causes inhibition of the growth of Escherichia coli and other pathogenic organisms.
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The Sialyl milk oligosaccharides also inhibit the attach ment of pathogenic organisms8,10-12) such as Helicobacter pylori and of cholera toxin, to intestinal epithelial cells and the binding of rotavirus to the colon.
In addition, sialic acid in milk oligosaccharides has been thought to be used as a material for the synthesis of brain gangliosides and sialyl glycoproteins.7) Breast milk may be an important source of sialic acid for newborn in fants, whose livers may not be able to synthesize suffi cient sialic acid. 13)
The sialic acid content of bovine milk is much lower than that of human milk.14) This implies that sialyl oligo saccharides should be added to infant formulas based on bovine milk constituents. Although the total sialic acid content of human milk at several lactation periods has been reported,15-18) there are few data on the concentrations of individual sialyl oligosaccharides in human milk during the course of lactation.19'20' Accordingly, we have studied the concentrations, during the course of lactation, of six major sialyl oligosaccharides contained in the milk of Japanese women milk, using high-performance liquid chromatography (HPLC) of their 3-methyl-l-phenyl- 
RESULTS
Representative Bio Gel P-2 chromatograms of carbohy drate fractions extracted from the milk at each lactation stage are shown in Fig. 1 . Each of the fractions resolved into five peaks. The acidic oligosaccharides fraction, com posed of column fractions which had reacted positively in the periodate-resorcinol reaction, was prepared from the combined peaks 1 to 3 as described in MATERIALS AND METHODS. Peaks 2 and 3 has been separated into neutral and acidic oligosaccharide fractions by the anion ex change chromatography on a DEAE Sephadex A-50 (see MATERIALS AND METHODS). The peak area of the acidic oligosaccharides fraction decreased relatively to the other peaks from days 4 to 100 postpartum.
The six sialyl oligosaccharides quantified in this study are listed in Table 1 . Figure 2 shows a representative Table 1 . The six sialyl oligosaccharides quantified in human milk collected at 4, 10, 30 and 100 days postpartum. A245, absorbance at 245 nm. The fraction had been prepared by gel chromatography on a Bio Gel P-2 followed by anion exchange chroma tography on a DEAE Sephadex A-50. For other details, see Methods. chromatogram of the HPLC of the PMP derivatized acidic oligosaccharides fraction. Since lactose, lacto-N-tetraose (LNT) and lacto-Nneotetraose (LNnT) were not detected in the HPLC of the standard acidic oligosaccharides, there could have been little decomposition of sialyl oligosaccharides during the PMP derivatisation.
Reproducibilities were expressed as relative standard deviations. Reproducibilities of peak areas for 3'-SL-PMP. 6'-SL-PMP, LSTa-PMP, LSTb-PMP, LSTc-PMP and DSLNT-PMP were 2.5, 2.7, 3.0, 0.9, 6.6 and 3.1%, re spectively. Table 2 shows the mean concentration and its standard deviation of each sialyl oligosaccharide at each lactation period. Significant reductions in the concentrations of the oligosaccharides were observed during the course of lacta tion. From 4 to l0 days postpartum, the concentrations of 6'-SL, LSTb and DSLNT remained more or less constant but after that time they decreased. By contrast, the concentrations of 3'-SL, LSTa and LSTc decreased from 4 days postpartum onwards. The total sialyl oligosaccharide concentration, which was calculated by summing all the saccharides determined in this study, decreased from 1132 mg/L at 4 days postpartum to 296 mg/L at 100 days. However, the concentration of individual oligosaccharides greatly varied among the donors.
The total content of a 2,6-linked sialyl oligosaccharides (6'-SL, LSTb and LSTc) was four times higher than that of a2,3-linked sialyl oligosaccharides (3'-SL and LSTa) in the colostrum collected at 4 days postpartum (Fig. 3) . 
DISCUSSION
There are only a few previous studies in which individ ual human milk oligosaccharides have been quanti fied.20,24,25) The present study is the first to use PMP deri vatisation for the determination of sialyl oligosaccharides in human milk. In this method, the oligosaccharides were derivatized with PMP through the aldehyde group at the reducing end, forming a semiacetal, which then reacted with another molecule of PMP to form an acetal.21)
Recently, Shen et al. determined the level of 7 sialyl oligosaccharides such as 3'-SL, 6'-SL, 3'-S3FL (3'-sialyl-3-fucosyllactose), LSTa, LSTb, LSTc and DSLNT in the milk using high-performance capillary electrophoresis.26) However, the samples which they used in the study were pooled ones, and they did not determine concentration of each sialyl oligosaccharide in the milk of individual do nors during the course of lactation.
Large differences were observed in the concentration of each oligosaccharide between our data and the values re ported by Coppa et a1.20' for Italian women (Figs. 4, 5) . Their values were almost all higher than ours, except that LSTa was not detected at 60 and 90 days postpartum. One reason for this difference between the studies may be the relatively small sample number of donors used (24 in our study, 18 in that of Coppa et al.). Another reason may be the difference in ethnicity. Our previous study on the neutral oligosaccharides in the milk of Japanese women showed that the concentrations of LNT and LNnT, the core units for LSTa, LSTb and LSTc, were lower than those of the milk of Italian women.25' It was shown that the increasing and/or decreasing patterns of the content of 6'-SL, LSTc and DSLNT during the course of lactation were similar in both studies, while those of 3'-SL, LSTa and LSTb were different. This suggests that the variations, during the course of lactation, in mammary gland a2-3 sialyltransferase activity may be different in Japanese compared with Italian women.
In addition, there were differences in methodology used for separating and determining these sialyl oligosaccha rides. In our HPLC of the PMP derivatives of the acidic oligosaccharides, which had been separated by gel filtra tion and anion exchange chromatography, we used reverse phase chromatography. By contrast, Coppa et al. used high pH anion exchange chromatography (HPAEC) of fractions separated by centrifugation and membrane filtra tion of the milk20' Our method removed most of the oligo saccharides other than the six sialyl oligosaccharides de termined in this study, which simplified the quantification. In Coppa et al.'s procedure, on the other hand, some peaks of the oligosaccharides being determined may have overlapped with those of others, of which there are more than 100 in human milk. 5 other a2-6-linked sialyl oligosaccharides. It is well recognized that human mature milk contains more sialyl oligosaccharides than does bovine mature milk.15,17,31) Cow colostrum collected immediately after par turition contains over 1.5 g of sialyl oligosaccharides per liter, but their concentration rapidly declines after 24 h postpartum.32) These facts suggest that sialyl oligosaccha rides are more significant for human infants than for calves. In addition, there is a difference between humans and cows in the kinds of sialyl oligosaccharides in their milk or colostrum.33) 6'-SL is the dominant sialyl saccha ride in human milk in early lactation, while 3'-SL is dominant in bovine colostrum. Human milk or colostrum contain LSTa, LSTb and LSTc (whose core units are LNT or LNnT), whereas bovine colostrum contains no more than trace amounts of these oligosaccharides.32)
Milk sialyl oligosaccharides are believed to have bio logical significance as anti-infection factors against some pathogenic microorganisms and/or as nutrients for growth of the infant brain (see INTRODUCTION). Our data suggest that, for optimum nutrition, infant formulas derived from bovine milk should be supplemented with sialyl oligosaccharides.
